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In This IssueResiding in the physical heart of the cell, the nucleus has now fully
shed its once one-dimensional reputation as the repository for
genetic information and steady supplier of messages to the cyto-
plasm. This sea change toward a more dynamic view of nuclear
biology has been led by a revolution in our understanding of
genomes, regulatory elements, epigenetic modifiers, and nuclear
spatial organization, which has enabled the examination of the
interplay of these factors both genome wide and at individual
loci. From this vast and rapidly expanding body of work, we cannow see that, in the cellular orchestra, the nucleus is not simply the sheet music from which the
notes are played but is instead the conductor and composer, both writing the songs and leading
the performance. This special issue, The Dynamic Nucleus, explores the meaning behind the
maestro’s motions—both dramatic and nuanced—in directing the cell symphony.Please Put on Your 3D Glasses
We open the issue by posing the question of what has been the most surprising revelation about the nucleus in recent
years. The responses of Job Dekker, Joanna Wysocka, Iain Mattaj, Erez Lieberman Aiden, and Craig Pikaard range
from the pervasive roles of RNA to mapping genomic ‘‘connectomes’’ and appreciating the marvel of nucleocytoplas-
mic transport (Voices, page 1207). Many of the major themes of The Dynamic
Nucleus are then framed in an Essay from Tom Misteli (page 1209), who
places genome function in the context of cell biology, discussing the impact
of stochasticity, epigenetics, and nuclear organization while juxtaposing this
emerging complexity with the simple elegance of the structure of DNA on the
60th anniversary of its discovery.
If the intervening years have taught us anything, it is that knowing the sequence
of DNA is just the starting point for understanding gene regulation, with the crit-
ical importance of epigenetic modification and higher-order chromatin structure
becoming ever more apparent. In their Review, Wendy Bickmore and Bas van
Steensel (page 1270) provide an introduction to how local and long-range
contacts between genes shape the three-dimensional organization of interphase
chromosomes. Amajor driver of nuclear architecture, the formation of chromatin
loops, is examined in depth by Duncan Odom and Matthias Merkenschlager
(Review, page 1285), who focus on two proteins, cohesin and CTCF, which
are frequently involved in bringing together gene regulatory elements with their
targets. Pedro Batista and Howard Chang grapple with an emerging facet of
nuclear organization in their Review (page 1298), proposing that long noncoding RNAs act as address codes directing
protein complexes, genes, and chromosomes to their appropriate locations. The formation of chromatin loops
and other modes of protein and RNA-mediated gene regulation are further featured in this issue’s Select, penned by
Molecular Cell’s Brian Plosky (page 1203).Message Control
Of course, the main nuclear preoccupation is transcription. Tong Ihn Lee and Richard Young (Review, page 1308) take
on the challenge of synthesizing the vast literature on transcriptional control, highlighting recent advances in under-
standing the impact of transcription factors, cofactors, and chromatin regulators and delving into the misregulation
of transcriptional control in disease states. Bernadett Papp and Kathrin Plath (Review, page 1323) similarly delve
into the evidence that chromatin regulators serve as gatekeepers of cellular reprogramming to induced pluripotency.
Initiating transcription is just the first of many steps in the making of a messenger RNA fated for cytoplasmic ribo-
somes. In their Review, Blencowe and colleagues (page 1252) place RNA-splicing events within the complex spatial
and temporal dynamics of the nucleus and examine the layers of crosstalk between splicing and chromatin context
and transcriptional regulation. Gene regulation by RNA also lies at the heart of the allelic control of large gene clusters,
as observed in imprinting and X chromosome inactivation, the processes highlighted in a Review by Jeannie Lee and
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When Bad Things Happen to Good Nuclei
Like transcription, maintaining genome integrity is a particular nuclear obsession.
How the chromatin landscape changes in response to DNA damage and how this
then impacts DNA repair processes is the focus of the Review by Brendan Price
and Alan D’Andrea (page 1343). On a different spatial scale, Vincent Dion and
Susan Gasser (Review, page 1354) discuss how the chromatin environment
affects the long-range mobility of DNA, with double-strand breaks increasing
movement and thus impacting genome stability and the efficiency of repair.
Yet despite a cell’s best efforts, things sometimes go wrong, with a dramatic
example being chromothripsis, in which many chromosomal rearrangements
occur in a single catastrophic event. In their Primer, Jan Korbel and PeterCampbell (page 1226) enumerate the criteria for inferring the occurrence of chromothripsis from cancer genome-
sequencing data. Luckily, however, DNA repair and replication proceed most of the time with exquisite precision,
and for a view on the elegant spatial and temporal dance of DNA replication, you should check out the SnapShot by
David Gilbert and colleagues (page 1390).The Outer Limits and Beyond
The boundary of the nucleoplasm is the nuclear lamina, which is a unique and
complex nexus for gene regulation. Recent studies reveal that associations
between chromatin and the nuclear lamina differ between cell types, a topic
tackled by Kevin Van Bortle and Victor Corces (Minireview, page 1213) who argue
that these interactions are critical determinants of cell fate and identity. The func-
tion of the lamin proteins at the nuclear envelope likely reaches far beyond chro-
matin organization, as mutations in these proteins give rise to a group of diverse
syndromeswith symptoms ranging frommuscular dystrophy to progeria. Kather-
ine Schreiber and Brian Kennedy review these laminopathies (Review, page
1364), examining the connections between nuclear envelope dysfunction and
altered nuclear activity and commenting on how emerging molecular insights
might be translated into new treatments.
In vertebrate cells, the nuclear envelope retracts into the endoplasmic retic-ulum at the onset of mitosis and subsequently reforms in daughter cells. CorneliaWandke undUlrike Kutay (Minireview,
page 1222) parse the mechanisms behind this dramatic breakdown and reassembly. However, the nuclear envelope is
more than just a barrier that holds in nuclear contents. It also serves as a highly selective yet very rapid and efficient filter
for the trafficking of RNA and protein via nuclear pores that are essential for getting cellular components where they
need to be, thereby maintaining the distinct properties of the nucleoplasm and cytoplasm. Understanding how this
is accomplished is examined by Rebecca Adams and Susan Wente (Minireview, page 1218), who guide us through
this remarkable feat of selective transport, opening our eyes to nuclear pore complexity as revealed by high-resolution
structural analysis and imaging.
Although often depicted as the center of a cell, the position of the nucleus can in fact vary extensively, with important
functional consequences for cell signaling andmigration. Gregg Gundersen and HowardWorman (Review, page 1375)
describe the cytoskeletal forces that position the nucleus and present evidence linking disruptions in these forces to
numerous diseases.Creating this special issue has relied upon involvement frommany dedicated authors and reviewers, and we would like
to thank them for their time, effort, and insights. We hope that, in reading The Dynamic Nucleus, you will come away
with an appreciation for the processes that contribute to nuclear complexity, inspiration from how much has been
learned in recent years, and motivation to pursue answers to the many remaining mysteries of nuclear biology.
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